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SPECIFICATION 



FILTER DEVICE 



TECHNICAL FIELD 

The present invention relates to a filter device 
that suppresses the occurrence of electromagnetic 
interference in an alternating current circuit that is 
connected to an alternating current output of a power 
converter . 

BACKGROUND ART 

Along with an increase in the switching speeds of 
power semiconductor devices such as IGBTs (insulated gate 
bipolar transistors) , the torque control and speed 
control of an alternating current motor variable-speed 
drive system including these power semiconductor devices 
has become better, which makes a large contribution to 
energy savings in the total system. 

On the other hand, electromagnetic interference 
(EMI) attributable to high-speed switching in a power 
semiconductor device is becoming a crucial issue in the 
our highly information-oriented and computerized society. 
For example, in an inverter-driven alternating current 
motor , a shaft voltage is generated between the motor 
shaft and the motor frame. The resultant high-frequency 
leakage current that flows through parasitic capacitors 
of the motor generates electric corrosion in the 
bearings. This can cause problems in the rotation of the 
motor and has the potential of being a large noise source 
in the power line Internet, in which PCs communicate with 
other devices through the power line, which will come 
into practical use in the future. 

As a countermeasure against EMI in the power 
electronics devices , there has already been proposed, for 
example, an EMI filter that suppresses a rapid change in 
the current and voltage by using a reactor or a filter, 



as described in "A method of measuring EMI generated by 
an alternating current motor drive system using a PWN 
inverter, and a method of decreasing the EMI ,T , by 
Ogasawara and two other engineers, in the IEEJ (the 
Institute of Electrical Engineers of Japan) Transactions 
on Industry Applications, 1996, Vol, 116, No. 12, pp. 
1211-1219. 

As a countermeasure against the EMI in power 
electronics devices, there has also been proposed an EMI 
filter that offsets a common mode voltage of an inverter 
by using active elements like transistors, as described 
in "Active EMI Filter for Switching Noise of High 
Frequency Inverters", by I. Takahashi and three other 
engineers, the Proceeding of Power Conversion Conference 
(PCC)-Nagaoka, 1997, pp. 331-334. 

As a countermeasure against the EMI in the power 
electronics devices, there has also been proposed an EMI 
passive filter that changes a phase voltage into a 
sinusoidal wave, as described in "Design and 
characteristics of a three-phase sinusoidal wave voltage 
output PEM inverter system-passive EMI filter that does 
not generate a common mode voltage", by Hasegawa and two 
other engineers, in the IEEJ Transactions on Industry 
Applications, 2002, Vol. 122, No. 8, pp. 845-852. 
According to this technique, an EMI filter is constructed 
using only passive elements such as a normal mode choke 
(what is called an alternating current reactor) , a common 
mode choke (what is called a zero-phase reactor), a 
resistor, and a capacitor, thereby changing three-phase 
line-to-neutral voltages and three-phase line-to-line 
voltages at the ac terminals of the inverter into 
sinusoidal waves. Therefore, substantially all the shaft 
voltage can be eliminated. 

As a. countermeasure against the EMI in the power 
electronics devices, there has also been described a 
common mode circuit that grounds the neutral point of a 
motor and grounds the neutral point at the direct link, 
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in "Motor Shaft Voltage and Bearing Currents and Their 
Reduction in Multilevel Medium-Voltage PWM Voltage- 
Source-Inverter Drive Applications" , by Fei Wang, IEEE 
transaction on Industry Applications , September and 
5 October, 2000, Vol. 36, No. 5. 

In Japanese Patent Application Unexamined 
Publication No. 2001-352792, there has been proposed a 
technique of smoothing a voltage, having relatively large 
amplitude, of a rectangular wave at the neutral point 
10 with a view to decreasing the noise generated by an 

alternating current motor and preventing rotation 
problems . 

According to the above conventional techniques, 
there has been provided a certain effect of suppressing 

15 the EMI, but at an insufficient level. 

Among the above techniques, the EMI filter using a 
active elements such as transistors requires 
complementary transistors. Further, due to the limit of 
a withstand voltage of obtainable transistors, this EMI 

20 filter can be applied to only to a 200 volt or less 

inverter. The EMI also has a complex structure and, 
accordingly, has a high manufacturing cost. 

On the other hand, an EMI passive filter having a 
normal mode choke and a common mode choke can change the 

25 output phase voltage and the line voltage of the inverter 

into a sinusoidal wave, and therefore, can suppress the 
shaft voltage. However, because a normal mode choke is 
necessary, the device becomes large and has a high 
manufacturing cost . 

30 Therefore, in the light of the above problems, it is 

an object of the present invention to provide a compact 
low-price filter device having strong effect on 
suppressing electromagnetic interference in a filter 
device that suppresses the electromagnetic interference 

35 generated in an alternating current circuit connected to 

a power converter with an alternating current output. 



DISCLOSURE OF THE INVENTION 

An alternating current motor is used as an example 
of an alternating current circuit. When a common mode 
voltage applied to input terminals of the alternating 
current motor is set to zero, a shaft voltage of the 
alternate motor becomes zero, and a leak current (ground 
line current) also becomes zero. The present invention 
is based on the idea that a shaft voltage and a leak 
current are set near to zero by setting the common mode 
voltage applied to these input terminals to as close to 
zero as possible, thereby suppressing the electromagnetic 
interference. Based on the configuration according to 
the present invention explained below, it becomes 
possible to bring the common mode voltage applied to the 
input terminals of the alternating current motor (the 
alternating current circuit) close to zero. 

According to a filter device of the present 
invention, a common mode choke is installed at any one of 
an input side, an output side, and a direct current link 
of a power converter that is connected to an alternating 
current circuit. At the same time, an outgoing line from 
the neutral point of the alternating current circuit is 
connected to a reference potential point, having little 
voltage variation, present at an upstream of the common 
mode choke, thereby forming a closed loop. 

As the alternating current circuit, there are an 
induction motor, a synchronous motor, an electrical 
apparatus equipped with a converter having a Y- 
connection, such as a UPS (uninterruptible power supply) 
system, or a solar cell system, a fuel cell system, or 
various kinds of battery systems connected to a power 
supply equipped with a converter having a Y-connection. 

In order to achieve the above object, according to a 
first aspect of the present invention, a common mode 
choke is connected between alternating current output 
terminals of a power converter with an alternating 
current output and input terminals of an alternating 



current circuit. At the same time, an outgoing line from 
the neutral point of the alternating current circuit is 
connected to a power source system side of the power 
converter, that is, a reference potential point having 
little potential variation present at the upstream of the 
power converter, preferably via a passive element 
including a capacitor and a resistor connected in series. 

In order to achieve the above object, as a 
modification of the first aspect of the present 
invention, there is provided a filter device that 
suppresses electromagnetic interference generated in an 
alternating current circuit connected to a power 
converter with an alternating current input and an 
alternating .current output. In the filter device, a 
common mode choke is connected to an alternating current 
input terminal side of a power converter with an 
alternating current input and an alternating current 
output . At the same time, an outgoing line from the 
neutral point of the alternating current circuit is 
connected to a power source system side of the common 
mode choke, that is, a reference potential point having 
little potential variation present at the upstream of the 
common mode choke, preferably via a passive element 
including a capacitor and a resistor connected in series. 

In order to achieve the above object, according to a 
second aspect of the present invention, there is provided 
a filt er device that suppresses electromagnetic 
interference generated in an alternating current circuit 
connected to a power converter with an alternating 
current input and an alternating current output. In the 
filter device, a common mode choke is provided at a 
direct current input terminal side of a power converter 
with a direct current input and an alternating current 
output connected to input terminals of the alternating 
current circuit. At the same time, an outgoing line from 
the neutral point of the alternating current circuit is 
connected to a direct current power source side of the 



common mode choke, that is, a reference potential point 
having little potential variation present at the upstream 
of the common mode choke, preferably via a passive 
element including a capacitor and a resistor connected in 
series - 

In order to achieve the above object, as a 
modification of the second aspect of the present 
invention, there is provided a filter device that 
suppresses electromagnetic interference generated in an 
alternating current circuit connected to a power 
converter system including a power converter with an 
alternating current input and a direct current output and 
a power converter with a direct current input and an 
alternating current output. In this filter device, a 
common mode choke is connected to between direct current 
output terminals of the power converter with the 
alternating current input and the direct current output 
and direct current input terminals of the power converter 
with the direct current input and the alternating current 
output- At the same time, an outgoing line from the 
neutral point of the alternating current circuit is 
connected to a reference potential point having little 
potential variation at an alternating current input 
terminal side or the direct current output terminal side 
of the power converter with the alternating current input 
and the direct current output, preferably via a passive 
element including a capacitor and a resistor connected in 
series. 

According to the present invention, the filter 
device has a common mode choke, and has a closed loop 
formed from the neutral point of the alternating current 
circuit to the reference potential point at the power 
source system side of the power converter. Based on this 
simple configuration, electromagnetic interference (EMI) 
can be effectively suppressed- Particularly, unlike the 
conventional example, the filter device according to the 
present invention does not require constituent elements 



such as a normal mode choke and transistors, and has a 
simple configuration. As a result , the filter device can 
be compact and can be provided at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a system configuration diagram of a filter 
device according to a first aspect of the present 
invention. 

Fig. 2 is a system configuration diagram of a filter 
device according to a modification of the first aspect of 
the present invention. 

Fig. 3 is a circuit diagram of a filter device 
according to a first embodiment of the present invention. 

Fig. 4 is a circuit diagram of a filter device 
according to a modification of the first embodiment of 
the present invention. 

Fig. 5 (a) and (b) are equivalent circuit diagrams 
of the filter device according to the first embodiment of 
the present invention; Fig. 5 (a) shows an equivalent 
circuit in a carrier frequency area in a common mode 
shown in Fig. 3; and Fig. 5 (b) is a simple equivalent 
circuit showing a further simplified circuit of the 
equivalent circuit shown in Fig. 5 (a) . 

Fig. 6 is a circuit diagram of a filter device 
according to a second embodiment of the present 
invention. 

Fig. 7 is an equivalent circuit diagram of the 
filter device according to the second embodiment of the 
present invention, and shows an equivalent circuit in a 
carrier frequency area in a common mode shown in Fig. 6. 

Fig. 8 is a circuit diagram (part 1) of a filter 
device according to a third embodiment of the present 
invention, where a point having little voltage variation 
that becomes a reference potential point is not present 
at an input side of a power converter. 

Fig. 9 is a circuit diagram (part 2) of a filter 
device according to the third embodiment of the present 
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invention, where a point having little voltage variation 
that becomes a reference potential point is present at 
the input side of the power converter. 

Fig. 10 is a circuit diagram of a voltage type PWM 
5 converter -inverter . 

Fig. 11 is a circuit diagram of a current type PWM 
converter-inverter . 

Figs. 12 (a) to (e) are circuit diagrams of a matrix 
converter. 

10 Fig. 13 is a circuit diagram of a filter device 

according to a fourth embodiment of the present 
invention. 

Fig. 14 is a circuit diagram of converter inverter 
units provided in a high-voltage converter in the filter 
15 device according to the fourth embodiment of the present 

invention. 

Fig. 15 is a circuit diagram (part 1) of a filter 
device according to a fifth embodiment of the present 
invention,, where a point having little voltage variation 
that becomes a reference potential point is not present 
at a power source system side of a power converter. 

Fig. 16 is a circuit diagram (part 2) of a filter 
device according to the fifth embodiment of the present 
invention, where a point having little voltage variation 
25 that becomes a reference potential point is not present 

at the power source system side of the power converter. 

Fig. 17 is a system configuration diagram of a 
filter device according to a second aspect of the present 
invention . 

30 Fxg. 18 is a system configuration diagram of a 

filter device according to a modification of the second 

aspect of the present invention. 

Fig. 19 is a circuit diagram of a filter device 

according to a sixth embodiment of the present invention. 
35 Fi 9- 20 is a circuit diagram of a filter device 

according to a modification of the sixth embodiment of 

the present invention. 
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Fig. 21 is a circuit diagram of a filter device 
according to a seventh embodiment of the present 
invention. 

Fig. 22 is a circuit diagram of a filter device 
according to a modification of the seventh embodiment of 
the present invention . 

BEST MODE FOR CARRYING OUT THE INVENTION 

First, a filter device according to a first aspect 
of the present invention is explained. 

Fig. 1 is a system configuration diagram of the 
filter device according to the first aspect of the 
present invention . 

A filter device 1 that suppresses electromagnetic 
interference generated in an alternating current circuit 
3 connected to a power converter 2 with an alternating 
current output includes a common mode choke 11 that is 
connected between alternating current output terminals Ap 
of the power converter 2 and input terminals Bp of the 
alternating current circuit 3, and a connecting means 12 
that connects an outgoing line from the neutral point Np 
of the alternating current circuit 3 to a reference 
potential point rp having little potential variation 
present at a power source system side of the power 
converter 2 . 

The connecting means 12 preferably includes a 
capacitor and a resistor (not shown) that are connected 
in series. In this case, the series circuit of the 
capacitor and the resistor indicates a high-impedance 
characteristic for an output frequency component, and 
indicates a low-impedance characteristic for a frequency 
component of a common mode voltage. 

As described above, the reference potential point rp 
can be at any point having little potential variation, at 
the power source system side of the power converter 2, 
that is, at the upstream of the power converter 2. 

For example, when a power converter is a converter 



- 10 - 



with an alternating current input and an alternating 
current output, the neutral point at the power source 
system side of the power converter can be the reference 
potential point. 

When a power converter is a converter with a direct 
current input and an alternating current output, that is, 
when the power converter is an inverter, any one of a 
plus potential point, a minus potential point, and the 
neutral potential point if possible, at the direct 
current input side of the inverter can be the reference 
potential point. For example, when a power converter is 
a neutral point clamp inverter, any one of the plus 
potential point, the minus potential point, and the 
neutral point at the direct current input side of the 
neutral point clamp inverter can be the reference 
potential point . 

According to the first aspect of the present 
invention, there is formed a closed loop from the neutral 
point Np of the alternating current circuit 3 to the 
reference potential point Rp at the power source system 
side of the power converter 2. Based on this 
configuration, the common mode choke 11 operates 
effectively. In other words, most of the common mode 
voltage that is generated from the power converter 2 is 
applied across the common mode choke 11, and no common 
mode voltage is generated at input terminals of the 
alternating current circuit 3* Consequently, a shaft 
voltage, a bearing current, and a leak current 
attributable to the common mode voltage are effectively 
suppressed. The filter device according to the present 
invention has a higher effect of suppressing 
electromagnetic interference than that of the devices 
according to the conventional techniques, 

Tig. 2 is a system configuration diagram of a filter 
device according to a modification of the first aspect of 
the present invention. 

The filter device 1 that suppresses electromagnetic 
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interference generated in the alternating current circuit 
3 connected to the power converter 2 with an alternating 
current input and an alternating current output includes 
the common mode choke 11 that is connected to the 
alternating current input terminals Ap of the power 
converter 2, and the connecting means 12 that connects 
the outgoing line from the neutral point Np of the 
alternating current circuit 3 to a reference potential 
point having little potential variation Rp present at the 
power source system side of the common mode choke 11. 

The connecting means 12 preferably includes a 
capacitor and a resistor (not shown) that are connected 
in series. In this case, the series circuit of the 
capacitor and the resistor indicates a high impedance 
characteristic for an output frequency component, and 
indicates a low impedance characteristic for a frequency 
component of a common mode voltage. 

The reference potential point rp can be any one 
point having little potential variation at the power 
source system side of the common mode choke 11, that is, 
at the upstream of the common mode choke 11. 

According to the modification of the first aspect of 
the present invention, there is formed a closed loop from 
the neutral point Np of the alternating current circuit 3 
to the reference potential point rp at the power source 
system side of the common mode choke 11 connected to the 
alternating current input terminals Ap of the power 
converter 2. Therefore, effects similar to those 
obtained from the configuration of Fig. 1 are obtained. 

Fig. 3 is a circuit diagram of a filter device 
according to a first embodiment of the present invention. 
The present embodiment corresponds to the embodiment 
in the first aspect of the present invention. The 
alternate circuit is a three-phase induction motor 31. 
The power converter with the alternating current output 
is an inverter 32. The induction motor 31 is inverter 
driven by the inverter 32. In Fig. 3, a ground line lg 
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of a frame of the induction motor 31 is also shown. 

In order to ground the minus terminals at the direct 
current input side of the inverter 32, a capacitor C G and 
a resistor R G that are connected in parallel are provided. 
The capacitor C G operates as a capacitor grounding for a 
high frequency component, and the resistor Rg operates as 
a resistor grounding for a low frequency component. 

h direct current capacitor Cdc is provided to store 
power at the power source system side of the inverter 32. 

The inverter 32 is connected to a diode rectifier 33 
that rectifies a three-phase alternating current of the 
system voltage. The diode rectifier 33 uses a three- 
phase alternating current for the alternating current 
input, and is connected to a three-phase alternating 
current system voltage 34 via a converter 35 having a 
delta Y-connection. The alternating current input of the 
diode rectifier 33 can be a single-phase alternating 
current. Inverter home electric appliances such as an 
inverter air conditioner and an inverter refrigerator use 
the three-phase alternating current, for example. 

According to the first embodiment of the present 
invention, there is one characteristic in that a common 
mode choke L c is connected to between the alternating 
current output terminals of the inverter 32 and the input 
terminals of the induction motor 31. 

The common mode choke has three conductors that are 
wound up in the same direction in the case of three 
phases. Therefore, when a three-phase balanced load 
current flows, magnetic fluxes that are generated in a 
magnetic core are mutually offset by the load current, 
thereby changing the common mode choke into low 
impedance. However, when a load current other than a 
three-phase balanced load current flows, that is, when a 
common mode current flows, there is no work in mutually 
offsetting the magnetic fluxes. Therefore, the common 
mode choke becomes a high impedance. This means that the 
common mode current is suppressed by the common mode 
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choke. 

According to the first embodiment of the present 
invention, there is other characteristic in that the 
outgoing line from the neutral point Np of the induction 
motor 31 is connected to the reference potential point rp 
via the connecting means including a capacitor C n and a 
resistor R n that are connected in series. 

As explained above, the reference potential point rp 
can be at the point having little potential variation 
present at the power source system side of the inverter 
32 as the power converter. While the reference potential 
point rp is at the minus potential point of the inverter 
input (that is, at the minus potential point of the 
direct current capacitor Cdc) according to the present 
embodiment, the reference potential point rp can be also 
at the plus potential point of the inverter input (that 
is, at the plus potential point of the direct current 
capacitor Cdc) - 

Ideally, the fundamental current that flows from the 
neutral point Np of the induction motor 31 is zero and, 
therefore, the outgoing line from the neutral point Np of 
the induction motor 31 can be directly connected to the 
reference potential point rp. However, actually, the 
fundamental current flows out. Therefore, according to 
the present embodiment, the capacitor Cn is provided to 
prevent this fundamental current from flowing. The 
provision of the capacitor Cn entails a risk that 
resonance is generated depending on a condition of other 
parameter. Therefore, the resistor Rn is further 
provided as an attenuation resistor to suppress this 
resonance . 

Fig. 4 is a circuit diagram of a filter device 
according to a modification of the first embodiment of 
the present invention. 

According to the present modification, the power 
converter with the alternating current output in the 
first embodiment shown in Fig. 3 is a neutral point clamp 
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inverter 32 ' . 

According to the present modif ication, the reference 
potential point rp is a clamp point of direct current 
capacitors Cdcl and Cdc2 . The reference potential point 
rp can be also the minus potential point or the plus 
potential point of the inverter input, as a matter of 
course . 

In a large-capacity inverter,, when plural direct 
current capacitors are connected in series because of a 
withstand voltage of the capacitors, any one of a plus 
potential point, a minus potential point, and a point 
where the potential is stable between series-connected 
direct current capacitors at the direct current input 
side of the inverter can be the reference potential 
point . 

Referring to Fig. 3, again, according to the present 
embodiment, the rated output of the three-phase induction 
motor 31 is set to 200V and 3-7 kw. The capacity of the 
inverter is set to 5 kVA. The carrier frequency is set 
to 15 kHz. The three-phase alternating current system 
voltage 34 is three-phase 200V and 50 Hz. The common 
mode choke L c =28 mH. The capacitor Cn*=0.47|*F. The 
resistance Rn«30Q. The capacitor C G =0.1fxF. The 
resistance Rg=510Q. 

The numerical values of the parameters are not 
limited to the above according to the present invention* 
Other numerical values can be also set by taking into 
account characteristics, use, and objects of the device. 

Fig. 5 (a) and (b) are equivalent circuit diagrams 
of the filter device according to the first embodiment of 
the present invention. Fig. 5 (a) shows an equivalent 
circuit in a carrier frequency area in a common mode 
shown in Fig. 3. Fig. 5 (b) is a simple equivalent 
circuit showing a further simplified circuit of the 
equivalent circuit shown in Fig. 5 (a) . 

In general, a current i c that flows through a virtual 
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ground line Ig via a parasitic capacitor of an induction 
motor is irrelevant to the common mode impedance (zero- 
phase impedance) of the induction motor. Accordingly, it 
is known that the parasitic capacitor is present in a 
frame between terminals of the induction motor. 

Regarding the filter device shown in Fig. 3 having 
the above parameters, the common mode impedance of the 
induction motor is determined by experiment, for example. 
In the experiment according to the present embodiment, a 
common mode voltage of the induction motor, and an 
amplitude and a phase difference of a neutral point 
current in are measured, using the neutral point Np of 
the induction motor as a reference potential. L C m is set 
to lmH, and Rcm is set to 100C2, based on the impedance " 
characteristics in the carrier frequency area. 

Xn the carrier frequency area, the impedance of the 
capacitor C G is sufficiently low and, therefore, can be 
disregarded or regarded as a short circuit. 

A parasitic capacitor C s of the induction motor is 
set to 3nF, by superimposing three power lines on the 
input terminals of the induction motor, applying a 
voltage between the power lines and the ground line, and 
measuring a voltage, and amplitude and a phase difference 
of current. 

Based on the above arrangement, the equivalent 
circuit in the common mode shown in Fig, 3 can be 
expressed as shown in Fig. 5 (a) . The equivalent circuit 
in the common mode shown in Fig. 4 can be similarly 
expressed as shown in Fig. 5 (a) . 

In Fig. 5 (a) , the impedance of the parasitic 
capacitor C s of the induction motor is l/ooCs-3, 500Q. The 
combined impedance of Lcm, Rcm, C g , and R G is 150ff2. Based 
on this, the equivalent circuit shown in Fig. 5 (a) can 
be further simplified as an LCR series circuit as shown 
in Fig. 5 (b) . 

In Fig. 5 (b) , the amplitude ratio of the common 



mode voltage Vcm at the input terminals of the induction 
motor to the common mode voltage Vc at the alternating 
current output terminals of the inverter, Vcm/V c# can be 
expressed as follows. 

V CM /V C =I { (RcM+Rc+jwLcM+l/jwC c }/{ (E^cM+Rc+jw{L CM +L c )+l/jwC c } I 

=0.05 

Therefore, the filter device according to the 
present embodiment can decrease the common mode voltage 
V C m at input terminals of the induction motor to 5% of the 
common mode voltage at alternating current output 
terminals of the inverter. In other words, the following 
is clear from the above expression. By structuring a 
closed loop from the neutral point Np of the induction 
motor 31 to the reference potential point Rp at the power 
source system side of the inverter 32 as shown in Fig. 3, 
the common mode choke 11 connected between alternating 
current output terminals of the inverter 32 and input 
terminals of the induction motor 31 operates effectively. 
Specifically, most of the common mode voltage generated 
from the inverter 32 is applied to both sides of the 
common mode choke L C / and is not generated at input 
terminals of the induction motor 31. Consequently, a 
shaft voltage V aha f C and a leak current i G of the induction 
motor 31 shown in Fig. 3 can be suppressed. 

As explained above, according to the first 
embodiment of the present invention, the common mode 
voltage applied to input terminals of the induction motor 
can be set close to zero, thereby suppressing 
electromagnetic interference. According to the present 
embodiment, the filter device has such a simple 
configuration that only the common mode choke is 
provided, and the closed loop is formed from the neutral 
point of the alternating current circuit to the reference 
potential point at the power source system side of the 
power converter. Unlike the conventional example, the 
filter device according to the present embodiment does 
not require constituent elements such as a normal mode 
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choke and transistors, and has a simple configuration. 
As a result, the filter device can be compact and can be 
provided at low cost. 

A filter device according to a second embodiment of 
the present invention is explained next. 

Fig. 6 is a circuit diagram of the filter device 
according to the second embodiment of the present 
invention. Fig. 7 is an equivalent circuit diagram of 
the filter device according to the second embodiment of 
the present invention, and shows an equivalent circuit in 
a carrier frequency area in a common mode shown in Fig. 
6. 

The present embodiment corresponds to the embodiment 
according to the first aspect of the present invention. 
In the first embodiment shown in Fig. 3, a normal mode 
filter configured by a parallel circuit of a normal mode 
choke (that is, an alternating current reactor) L and a 
resistor R is further connected in series between the 
inverter 32 and the common mode reactor, with a view to 
decreasing resonance in a megahertz area. Other circuit 
configurations are similar to those of the first 
embodiment . 

Based on the same idea of the equivalent circuit 
explained in the first embodiment, the filter circuit 
shown in Fig- 6 can be expressed as an equivalent circuit 
as shown in Fig, 7 in the carrier frequency area. In the 
carrier frequency area, the normal mode field that is 
configured by the normal mode choke L and the resistor R 
operates as the reactor L . Because this reactor L is 
sufficiently smaller than the common mode choke L c , the 
normal mode filter can be disregarded. Based on this 
fact, the equivalent circuit shown in Fig. 7 can be 
further simplified as the LCR series circuit as shown in 
Fig. 5 (b) , like in the first embodiment. Therefore, the 
amplitude ratio of the common mode voltage v,^ at input 
terminals of the induction motor to the common mode 
voltage v c at the alternating current output terminals of 
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the inverter, V C m/V c , becomes the same as that according to 
the first embodiment explained above. In other words, in 
the present embodiment, the shaft voltage V S haft and the 
leak current i e of the induction motor 31 can be also 
5 suppressed. 

As explained above, according to the second 
embodiment of the present invention, electromagnetic 
interference can be suppressed. 

Next, a filter device that is applied when the power 

10 converter explained with reference to Fig, 1 is a 

converter with an alternating current input and an 
alternating current output is explained as a third 
embodiment of the present invention. 

Fig. 8 is a circuit diagram (part 1) of a filter 

15 device according to the third embodiment of the present 

invention, where a point having little voltage variation 
that becomes a reference potential point is not present 
at the input side of the power converter. Fig. 9 is a 
circuit diagram (part 2) of a filter device according to 

20 the third embodiment of the present invention, where a 

point having little voltage variation that becomes a 
reference potential point is present at the input side of 
the power converter. 

The present embodiment corresponds to the embodiment 

25 according to the first aspect of the present invention. 

In the filter device 1, the power converter 2 shown in 
Fig. 8 and Fig. 9 is used as the converter with an 
alternating current input and an alternating current 
output, and the three-phase induction motor 31 is 

30 inverter driven by the power converter 2. The power 

converter 2 can be a conventional converter with an 
alternating current input and an alternating current 
output, or can be an alternating current-direct current- 
alternating current converter (i.e., an AC-DC-AC 

35 converter) , or a matrix converter that directly converts 

an alternating current into an alternating current. For 
example, a converter shown in Fig. 10 to Fig. 12 is 
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available as the converter corresponding to the power 
converter 2 shown in Fig. 8 and Fig. 9. The converter 
can be other than this converter, such as a converter 
with an alternating current input and an alternating 
current output. Fig. 10 is a circuit diagram of a 
voltage-source FWM converter-inverter. Fig. 11 is a 
circuit diagram of a current-source PWM converter- 
inverter. Figs. 12 (a) to (e) are circuit diagrams of a 
matrix converter. In the matrix converter shown in Fig. 
12 (a) r a switch 41 as shown in Fig. 12 (b) is general 
switch means constituted by diodes and transistors as 
shown in Fig. 12 (c) to (e) . 

In the filter device 1 according to the third 
embodiment of the present invention shown in Fig. 8 and 
Fig. 9/ the common mode choke 11 is connected to between 
the alternating current output terminals of the converter 
2 and the input terminals of the induction motor, as 
already explained in the first embodiment. 

On the other hand, the outgoing line from the 
neutral point Np of the induction motor 31 is connected 
to the reference potential point rp via the capacitor Cn 
and the resistor Rn. However, the filter device shown in 
Fig. 8 and the filter device shown in Fig. 9 take a 
reference potential point in mutually different manners. 

The configuration shown in Fig. 8 is effective when 
a point having little voltage variation, and that becomes 
the reference potential point, is not present at the 
power source system side or the alternating current input 
side of the power converter 2. The neutral point is 
configured by connecting the resistors Cn/3 in parallel 
to respective phases of the alternating current input 
terminals of the converter 2, and this neutral point is 
used as the reference potential point rp. 

On the other hand, Fig. 9 shows that a point having 
little voltage variation is present. For example, when 
the system side is grounded at the neutral point of the 
Y-connection of the transformer, this configuration 



corresponds to this case. Because this neutral point is 
one of points having little voltage variation, the 
neutral point can be the reference potential point rp, in 
the case of the configuration as shown in Fig. 9. The 
ground line from the induction motor 31 can be connected 
to the outgoing line from the neutral point Np of the 
induction motor 31 within a casing (not shown) that 
contains the induction motor 31 , and then can be 
connected to the reference potential point. 

As explained above, according to the third 
embodiment of the present invention, the filter device 
can be applied to suppress electromagnetic interference 
of the induction motor driven by various kinds of 
alternating current input and alternating current output 
converter. In this case, when the neutral point is 
present at the alternating current input side, this point 
is used as a reference potential point. When a point 
having little voltage variation is not present at the 
power source system side or the alternating current input 
side of the power converter 2, the neutral point is 
created, and this point is used as the reference 
potential point. With this arrangement, the filter 
device can be easily applied to suppress electromagnetic 
interference . 

As a fourth embodiment of the present invention, the 
application of the present invention to suppress 
electromagnetic interference in the motor control 
according to a method attracting attention in recent 
years is explained next. 

Fig, 13 is a circuit diagram of a filter device 
according to the fourth embodiment of the present 
invention. Fig. 14 is a circuit diagram of converter 
inverter units provided in a high-voltage converter in 
the filter device according to the fourth embodiment of 
the present invention. 

In the present embodiment, the present invention is 
applied to the motor control using a multi-winding 



transformer. The motor control using a high-voltage 
converter having the multi-winding transformer is 
explained in detail in "A new approach to enhance power 
quality for medium voltage AC drivers", by P. W. Hammond, 
1997, IEEE Transaction on Industry Applications, Vo. 133, 
No. 1, pp. 202-208. Therefore, a circuit configuration 
of the high-voltage converter having the multi-winding 
transformer is briefly explained in the present 
specification . 

In Fig, 13, a multi-winding transformer 50 within a 
high-voltage converter 2 has one primary winding 51, and 
plural winding sets 52 as secondary windings* The input 
of the primary winding 51 and the output of each winding 
set 52 at the secondary side are three-phase alternating 
currents, A three-phase output of each winding unit 52 
is connected to each input of converter inverter units 53 
(Ui, U 2 , U 3 , U 4 , Vi, V 2 , V 3 , v„ Wi, W 2 , W 3 , W 4 ) . 

Pig. 14 shows a circuit configuration of the 
converter-inverter unit 53. Each converter-inverter unit 
53 has such a configuration that a converter and an 
inverter are connected together via a DC link having a 
capacitor C. The input to the converter inverter unit 53 
is a three-phase alternating current (u phase, v phase, 
and w phase) , and the output from this unit is a two- 
phase alternating current (a phase, b phase) . 

According to the high^voltage converter 2 shown in 
Fig. 13, the outputs of the converter inverter units 53 
are connected in cascade to each phase corresponding to 
the three phases of the induction motor 31 as shown in 
Fig. 13. 

One of the three-phase output terminals of the high- 
voltage converter 2 is connected and configured as the 
neutral point, and a three-phase load circuit such as an 
induction motor is connected to the other three-phase 
output terminals. 

The present invention is applied to the high-voltage 
converter having the above circuit configuration, as 
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follows • 

According to the present embodiment, as shown in 
Fig* 13, the common mode choke 11 is connected between 
output terminals of the high-voltage converter 2 and the 
input terminals of the induction motor 31 . Because the 
neutral point is already configured in the other output 
terminals of the high-voltage converter 2, this neutral 
point is used as the reference potential point rp in the 
present embodiment- The neutral point Np of the 
induction motor 31 is connected to the reference 
potential point rp via the capacitor Cn and the resistor 
Rn. When the above circuit is configured, the present 
invention can be also applied to the motor control by the 
converter having the multi-winding transformer. 

Next, a filter device that suppresses 
electromagnetic interference of the alternating current 
circuit connected to the power converter with an 
alternating current input and an alternating current 
output, of which outline is as explained with reference 
to Fig. 2, is explained as a fifth embodiment of the 
present invention . 

Fig. 15 is a circuit diagram (part 1} of the filter 
device according to the fifth embodiment of the present 
invention, where a point having little voltage variation 
that becomes a reference potential point is not present 
at the power source system side of the power converter. 
Fig. 16 is a circuit diagram (part 2) of the filter 
device according to the fifth embodiment of the present 
invention, where a point having little voltage variation 
that becomes a reference potential point is not present 
at the power source system side of the power converter. 

According to the filter device 1 of the present 
embodiment, the power converter 2 shown in Fig. 15 and 
Fig. 16 is a converter with an alternating current input 
and an alternating current output, and the three-phase 
induction motor 31 is driven by the power converter 2. 
The power converter 2 can be the conventional converter 
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with an alternating input and an alternating output, or 
can be an alternating current-direct current-alternating 
current converter (i.e., an AC-DC-AC converter), or a 
matrix converter that directly converts an alternating 
current into an alternating current. For example, a 
converter as shown in Fig. 9 to Fig. 11 is available as 
the converter corresponding to the power converter 2 
shown in Fig. 15 and Fig. 16. It should be noted that, 
according to the present embodiment, the power converter 
2 does not include the case that the alternating current- 
direct current converter (AC-DC converter, that is, a 
rectifier) is a diode rectifier. 

In the filter device 1 according to the fifth 
embodiment of the present invention shown in Fig. 15 and 
Fig. 16, the common mode choke 11 is connected to the 
alternating current input terminal side of the power 
converter 2 . 

On the other hand, the outgoing line from the 
neutral point Np of the induction motor 31 is connected 
to the reference potential point rp via the capacitor Cn 
and the resistor Rn. However, the filter device shown in 
Fig. 15 and the filter device shown in Fig. 16 take a 
reference potential point in mutually different ways. 

The configuration shown in Fig. 15 is effective when 
a point having little voltage variation that becomes the 
reference potential point is not present at the power 
source system side of the common mode choke 11. The 
neutral point is configured by connecting the capacitors 
Cn/3 in parallel to the power source system side of the 
common mode choke 11, and this neutral point is used as 
the reference potential point rp. 

On the other hand, Fig. 16 shows that a point having 
little voltage variation is present. For example, when 
the system side is grounded at the neutral point of the 
Y-connection of the transformer, this configuration 
corresponds to this case. Because this neutral point is 
one of points having little voltage variation, the 



neutral point can be the reference potential point rp, in 
the case of the configuration as shown in Fig. 16, The 
ground line from the induction motor 31 can be connected 
to the outgoing line from the neutral point Np of the 
induction motor 31 within a casing (not shown) that 
contains the induction motor 31 , and then can be 
connected to the reference potential point • 

Electromagnetic interference can be suppressed by 
the filter device according to the fifth embodiment of 
the present invention. 

The filter device according to the fifth embodiment 
can be also applied to the motor control by the high- 
voltage converter having the multi-winding transformer 
explained in the fourth embodiment with reference to Fig. 
13 and Fig. 14. 

In this case, in the configuration of the fourth 
embodiment shown in Fig, 12 , the common mode choke 11 
connected between output terminals of the high-voltage 
converter 2 and the input terminals of the induction 
motor 31 can be connected to between the reference 
potential point rp and the converter inverter unit 53 
nearest to the reference potential point rp respectively. 

The filter device according to the second aspect of 
the present invention is explained next. 

Fig. 17 is a system configuration diagram of the 
filter device according to the second aspect of the 
present invention . 

The filter device 1 that suppresses electromagnetic 
interference generated in the alternating current circuit 
3 connected to the power converter 2 (that is, the 
inverter) of a direct current input and an alternating 
current input includes the common mode choke 11 connected 
to the direct current input terminals Bp of the power 
converter 2 connected to the input terminals of the 
alternating current circuit 3, and the connecting means 
12 that connects the outgoing line from the neutral point 
Np of the alternating current circuit 3 to the reference 



potential point rp having little potential variation 
present at the direct current power source side of the 
common mode choke 11. 

The connecting means 12 preferably includes a 
capacitor and a resistor (not shown) that are connected 
in series, as in the first aspect of the invention. 

The reference potential point rp can be any one 
point having little potential variation at the direct 
current power source side of the common mode choke 11 , 
that is, at the upstream of the common mode choke 11. 

For example, any one of a plus potential point, a 
minus potential point, and the neutral potential point if 
possible, at the direct current input side of the power 
converter 2 can be the reference potential point. For 
example, when a power converter is a neutral-point-clamp 
inverter, any one of a plus potential point, a minus 
potential point, and the neutral point at the direct 
current input side of the neutral-point-clamp inverter 
can be the reference potential point. 

According to the second aspect of the present 
invention, there is formed a closed loop from the neutral 
point Np of the alternating current circuit 3 to the 
reference potential point rp at the power source system 
side of the power converter 2. Based on this 
configuration, the common mode choke 11 operates 
effectively. in other words, most of the common mode 
voltage that is generated from the power converter 2 is 
applied to both ends of the common mode choke 11, and no 
common mode voltage is generated at the input terminals 
of the alternating current circuit 3. Consequently, a 
shaft voltage, a bearing current, and a leak current 
attributable to the common mode voltage are effectively 
suppressed. The filter device according to the present 
invention has a higher effect of suppressing 
electromagnetic interference than that the devices 
according to the conventional techniques. 

Fig. 18 is a system configuration diagram of a 
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filter device according to a modification of the second 
aspect of the present invention. 

The filter device 1 that suppresses electromagnetic 
interference generated in the alternating current circuit 
5 3 is connected to a power converter system including a 

power converter 2 ' with an alternating current input and 
a direct current output and the power converter 2. This 
filter device 1 includes the common mode choke 11 that is 
connected to between the direct current output terminals 

10 Ap of the power converter 2 T with the alternating current 

input and the direct current output and the direct 
current input terminals Bp of the power converter 2 with 
the direct current input and the alternating current 
outputs and the connecting means 12 that connects the 

15 outgoing line from the neutral point Np of the 

alternating current circuit 3 to the reference potential 
point rp having little potential variation at the 
alternating current input terminal side or the direct 
current input terminal side Bp of the power converter 2' 

20 with the alternating current input and the direct current 

output - 

The connecting means 12 preferably includes a 
capacitor and a resistor (not shown) that are connected 
in series, as in the first aspect. 

25 The reference potential point rp can be at any point 

having little potential variation, at the alternating 
current input terminal side or the direct current input 
terminal Bp side of the power converter 2 1 with the 
alternating current input and the direct current output. 

30 According to the modification of the second aspect 

of the present invention, the filter device has a closed 
loop formed from the neutral point Np of the alternating 
current circuit 3 to the reference potential point rp at 
the upstream of the common mode choke 11 connected to the 

35 direct current input terminal side Bp of the power 

converter 2. With this arrangement, there is an effect 
that the common mode choke 11 operates effectively, and 
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has effects similar to those of the filter device shown 
in Fig. 1. 

Fig. 19 is a circuit diagram of a filter device 
according to a sixth embodiment of the present invention. 
The present embodiment corresponds to the embodiment 
according to the second aspect of the present invention 
shown in Fig. 17. In the present embodiment, the 
alternating current circuit is the three-phase induction 
motor 31. The power converter with the direct current 
input and the alternating current output is the inverter 
32. The induction motor 31 is driven by the inventer 
with a direct current power source E such as a battery 
via the inverter 32. In Fig. 17, the ground line lg of 
the frame of the induction motor 31 is also shown. 

In order to ground the minus terminal at the direct 
current input side of the inverter 32, the capacitor c G 
and the resistor Rg that are connected in parallel are 
provided. The capacitor C G operates as a capacitor 
grounding for a high frequency component, and the 
resistor R G operates as a resistor grounding for a low 
frequency component . 

The common mode choke L c is connected to the direct 
current input terminal side of the inverter 32. 
According to the present embodiment, the common mode 
choke L c is installed in the direct current line, and has 
two conductors wound up in the same direction. In other 
words, according to the present embodiment, the device 
can be made more compact and can be provided at a lower 
cost than the device using the common mode choke made of 
three conductors wound up in the same direction according 
to the first to the fifth embodiment. 

The inverter 32 is connected to the direct current 
power source E via the common mode choke L C - 

The outgoing line from the neutral point Np of the 
induction motor 31 is connected to the reference 
potential point rp via the connecting means including the 
capacitor Cn and the resistor Rn connected in series. 



As already explained above, the reference potential 
point rp can be a point having little potential variation 
present at the direct current power source side of the 
common mode choice Lc. In the present embodiment , while 
the reference potential point rp is the minus potential 
point of the direct current power source E, the reference 
potential point rp can be the plus potential point of the 
direct current power source E. 

Ideally, the fundamental current that flows from the 
neutral point Np of the induction motor 31 is zero, and 
therefore, the outgoing line from the neutral point Np of 
the induction motor 31 can be directly connected to the 
reference potential point rp. However, actually, the 
fundamental current flows out. Therefore, according to 
the present embodiment, the capacitor Cn is provided to 
prevent this fundamental current from flowing. The 
provision of the capacitor Cn entails a risk that 
resonance is generated depending on a condition of other 
parameter. Therefore, the resistor Rn is further 
provided as a damping resistor to suppress this 
resonance . 

Fig. 20 is a circuit diagram of a filter device 
according to a modification of the sixth embodiment of 
the present invention. 

According to the present modification, the reference 
potential point rp is a clamp point of the direct current 
capacitors Cdcl and Cdc2 . 

When a direct current power source has a large 
capacity, plural direct current capacitors are connected 
in series because of a withstand voltage of the 
capacitors, and any one of a plus potential point, a 
minus potential point, and a point where the potential is 
stable between series-connected direct current capacitors 
at the direct current input side of the direct current 
power source can be the reference potential point. 

Fig. 21 is a circuit diagram of a filter device 
according to a seventh embodiment of the present 



invention. 

The present embodiment corresponds to the embodiment 
of the modification of the second aspect of the present 
invention shown in Fig. 18. 

In the present embodiment, the alternating current 
circuit is the three-phase induction motor 31. The power 
converter with the direct current input and the 
alternating current output is the inverter 32. The power 
converter with the alternating current input and the 
direct current output is the converter 33. The three- 
phase induction motor 31 is driven by a power converter 
system including the inverter 32 and the converter 33. 
The inverter 32 and the converter 33 are as explained 
with reference to Fig. 10 to Fig. 12. 

In the filter device 1 according to the seventh 
embodiment of the present invention shown in Fig. 21, the 
common mode choke 11 is connected between the direct 
current output terminals Ap of the converter 33 and the 
direct current input terminals Bp of the inverter 32. 
The common mode choke 11 according to the present 
embodiment is installed in the direct current line, as in 
the sixth embodiment and, therefore, has two conductors 
wound in the same direction- In other words, according 
to the present embodiment, the device can be made more 
compact and can be provided at a lower cost than the 
device using the common mode choke made of three 
conductors wound in the same direction according to the 
first to the fifth embodiment. 

The outgoing line from the neutral point Np of the 
induction motor 31 is connected to the reference 
potential point rp via the capacitor Cn and the resistor 
Rn. 

According to the present embodiment, the neutral 
point is configured by connecting the resistors Cn/3 in 
parallel to respective phases of the alternating current 
input terminals of the converter 2, and this neutral 
point is set as the reference potential point rp. This 
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method is effective when a point having little voltage 
variation, and that can become the reference potential 
point, is not present at the power source system side or 
the alternating current input side of the power converter 
2. 

As explained above, according to the seventh 
embodiment of the present invention, the filter device 
can be also applied to suppress electromagnetic 
interference of the induction motor that is driven by the 
power converter system as is the inverter-converter 
system. 

When a point having little voltage variation is not 
present at the power source system side or the 
alternating current input side of the motor converter, a 
neutral point as shown in Fig. 20 is created, and this 
neutral point can be used as the reference potential 
point. With this arrangement, the filter device can be 
easily applied to suppress electromagnetic interference. 
In the present embodiment, the reference potential point 
rp can be provided at the direct current output side of 
the converter 33. For example, the configuration 
explained with reference to Tig. 19 or Fig. 20 can be 
provided. 

Fig* 22 is a circuit diagram of a filter device 
according to a modification of the seventh embodiment of 
the present invention. 

The present modification is a modification of the 
method of taking a reference potential point to which the 
outgoing line from the neutral point Np of the induction 
motor 31 is connected in the seventh embodiment explained 
with reference to Fig. 21. When a point having little 
voltage variation is present at the power source system 
side or the alternating current input side of the motor 
converter, the grounding of the system side at the 
neutral point of the Y-connection of the transformer 
corresponds to this modification - 

The outgoing line from the neutral point Np of the 



induction motor 31 is connected to the reference 
potential point rp via the capacitor Cn and the resistor 
Rn . 

In the present modification,, the neutral point can 
be the reference potential point rp as shown in Fig. 22. 
The ground line from the induction motor 31 can be 
connected to the outgoing line from the neutral point Np 
of the induction motor 31 within a casing (not shown) 
that contains the induction motor 31 , and then can be 
connected to the reference potential point. 

As explained above, according to the modification of 
the seventh embodiment of the present invention, the 
filter device can be applied to suppress electromagnetic 
interference of the induction motor driven by various 
kinds of alternating current input and alternating 
current output converters. In this case, when the 
neutral point is present at the alternating current input 
side, this point is used as a reference potential point. 
With this arrangement, the filter device can be easily 
applied to suppress electromagnetic interference. In the 
present embodiment, the reference potential point rp can 
be provided at the direct current output side of the 
converter 33. For example, the configuration explained 
with reference to Fig. 19 or Fig. 20 can be provided. 

In the first to the seventh embodiments, while the 
alternating current circuit is an induction motor, the 
alternating current circuit can be a synchronous motor. 
Alternatively, the alternating current circuit can be an 
electrical apparatus equipped with a converter having a 
Y-connection, such as a UPS (uninterruptible power 
supply) system, or a solar cell system, a fuel cell 
system, or various kinds of battery systems connected to 
a power supply equipped with a converter having a Y- 
connection. 

When the synchronous motor is used, the neutral 
point as a starting point of the outgoing line to be 
connected to the reference potential point can be the 
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neutral point within this synchronous motor, as in the 
above induction motor. In the case of the electrical 
apparatus equipped with a converter having a Y- 
connection, the primary side of the transformer is the Y- 
connection, and the secondary side is. the delta 
connection. Based on this, the neutral point in the Y- 
connection at the primary side can be used. 

The system voltage side is not limited to three 
phases, and can be two phases or a single phase. The 
present invention can be applied to a circuit 
configuration having at least a power converter that 
applies an alternating current output to an alternating 
current circuit. 

INDUSTRIAL APPLICABILITY 

According to the present invention, the filter 
device has a common mode choke and has a closed loop 
formed from the neutral point of the alternating current 
circuit to the reference potential point at the power 
source system side of the power converter. Based on this 
simple configuration, electromagnetic interference (EMI) 
can be effectively suppressed. Further, unlike the 
conventional example, the filter device according to the 
present invention does not require constituent elements 
such as a normal mode choke and transistors, and has a 
simple configuration. Therefore, the filter device can 
be compact and can be provided at low cost . 

According to the present invention, the common mode 
choke connected bet ween the alternating current output 
terminals of the power converter and the input terminal 
of the alternating current circuit forms a closed loop 
from the neutral point of the alternating current circuit 
to the reference potential point at the power source 
system side of the power converter. With this 
configuration, the filter circuit operates more 
effectively- In other words, most of the common mode 
voltage that is generated from the power converter is 
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applied to both ends of the common mode choke, and no 
common mode voltage is generated at the input terminals 
of the alternating current circuit* Consequently, a 
shaft voltage, a bearing current, and a leak current 
attributable to the common mode voltage are effectively 
suppressed. The filter device according to the present 
invention has a high effect of suppressing 
electromagnetic interference . 

The present invention does not depend on a kind of a 
system power source, and can be applied to a circuit 
configuration having at least a power converter that 
applies an alternating current output to an alternating 
current circuit. Therefore, the filter device according 
to the present invention can be widely applied to 
industrial electrical apparatuses and household electric 
appliances such as inverter air conditioners and inverter 
refrigerators . 

For the power line Internet coming into practical 
use in future, the present invention can be effective as 
a filter device of both or one of a load alternating 
current circuit and a converter that become large noise 
sources • 



